INTRODUCTION {#s1}
============

The elderly population in Japan is unique in the world, and it is predicted that 40% of the Japanese population will be above 65 years of age by 2050[@r1]^)^. Therefore, the importance of preventive care has been pointed out against the increase in care provided by the aging rate in the future[@r2]^)^. As a part of the preventive care measures, it has been reported that motor functions such as lower limb muscle strength and walking speed can be improved by exercise training in the elderly and the frail elderly[@r3], [@r4]^)^. However, the exercise training in these reports was conducted using a training machine used in a sports gym, and the exercise load intensity was set at about 70% of the maximum muscular strength[@r3], [@r4]^)^. The main issues involved elderly training are that the training environment is limited and risk of injury due to heavy exercise is higher. Therefore, in order for elderly people to continue training, it is important that the training can be performed easily and safely at home. Recently, elongation training (ELT) has been developed as a simple and easy training method to improve motor function[@r5],[@r6],[@r7],[@r8]^)^. ELT uses an elastic band with high extensibility (Elongation Band, ELT Health Promotion Laboratory Inc., Otsu, Japan)[@r7], [@r8]^)^ that performs automatic movements while extending the elastic band in the longitudinal direction of the limb or trunk. ELT is considered useful as a simple self-exercise technique[@r5], [@r6]^)^; however, there are very few reports analyzing its effects on motor function. Therefore, the aim of this study was to investigate the effect of ELT on motor function by comparing changes in motor function with and without ELT in a single case.

PARTICIPANT AND METHODS {#s2}
=======================

The participant was a 90-year-old elderly male. As history of present illness, the participant had several falls at home and was diagnosed with Parkinson's syndrome. Past medical history included hypertension and type II diabetes. The score on Hasegawa's dementia scale-revised was twenty-eight points. The symptoms of Parkinson's syndrome were rest tremors and impairment of postural reflexes. The Functional Independence Measure was 118 points and the criteria for evaluating the degree of independence of disabled elderly persons in performing daily living activities were ranked as J1. As per ethical considerations, we explained this study and obtained written consent from the participant. Additionally, it was approved by the Ethics Committee of the Nanto Home Visit Nursing Station (approval number: 2018.NHS.01).

An ABA-type single case design was used for this study. In the reference period ('A' period), normal lower limb exercise without an elongation band was performed, and during the intervention period ('B' period), the same exercise performed in 'A' period was conducted using an elongation band as ELT. The exercises performed involved hip extension in a side-lying position ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Hip extension exercise of 'A' period (a) and 'B' period (b).) and hip abduction in a supine position ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Hip abduction exercise of 'A' period (a) and 'B' period (b).). In 'B' period, the hip joint was shifted from the hip flexion position to the hip intermediate position, and at that time, the participant was instructed to extend the elongation band located in the distal part of the lower limb as far as possible in the longitudinal direction. This position was set as the starting position. During the 'B' period exercise, the hip extension and abduction exercises were performed by keeping the band extended from the starting position as much as possible ([Figs. 1](#fig_001){ref-type="fig"}-b,[2](#fig_002){ref-type="fig"}-b). As the elongation band has low resistance and high extensibility, the participant can safely adjust the exercise load by themselves. In exercise load in 'B' period, the participant performed hip extension and abduction exercise while extending the elongation band distally until resistance occurred in the lower limb on the exercise side. The total implementation period included 6 weeks (2 weeks of 'A' period, 2 weeks of 'B' period, and followed again by 2 weeks of 'A' period). The exercise was performed every day as voluntary exercise, and each exercise was performed for 8 seconds as one set, with five sets performed per day. The motor function was evaluated every week. The motor function was evaluated at the home of the participant. In order to ensure that there was no error in the ELT method, instructions were repeated before the start of 'B' period. The evaluation parameters measured included the range of motion of the left and right hip extension and abduction, muscle strength of the left and right hip extension and abduction (measured by manual muscle testing \[MMT\]), one-leg standing time of each side, Timed Up and Go Test (TUG), 10 m comfortable walking speed, and 2-step value. The 2-step value was the value obtained by dividing two steps by the height. Each evaluation was performed thrice, and the average was used as the representative value.

RESULTS {#s3}
=======

The results of this study are shown in [Table 1](#tbl_001){ref-type="table"}Table 1.Evaluation results for each parameterA1A2B1B2A3A4Hip extension angle (°) (right/left)10/1010/1015/1515/1515/1515/15Hip abduction angle(°) (right/left)15/1515/1520/2020/2020/2020/20Hip extension muscle strength (MMT) (right/left)2/22/23/33/33/33/3Hip abductor muscle strength (MMT) (right/left)3/33/34/44/44/44/4One-leg standing time (sec) (right/left)1.1/1.11.0/2.03.3/6.34.0/6.02.3/3.72.0/3.1Timed Up and Go Test (sec)10.210.88.38.19.19.310 m comfortable walking speed (sec)12.7129.99.011.511.52-step value (two strides length/height)1.01.01.21.31.11.1A1: 1st week of A, A2: 2nd week of A, A3: 3rd week of A, A4: 4th week of A.B1: 1st week of B, B2: 2nd week of B.MMT: manual muscle testing.. In 'A' period, there was no change in any of the evaluation parameters. In 'B' period, the muscle strength of the left and right hip extension and abduction, range of motion of the left and right hip extension and abduction, one-leg standing time of both sides, and 2-step values improved, while values of TUG and 10 m comfortable walking speed decreased. In the second 'A' period, the muscle strength of the left and right hip extension and abduction and range of motion of the left and right hip extension and abduction did not change, but the one-leg standing time of both sides and 2-step value decreased, and TUG and 10 m comfortable walking speed values increased.

DISCUSSION {#s4}
==========

The aim of this study was to investigate the effect of ELT on motor function by comparing changes in motor function with and without ELT in a single case. In the 'B' period of the ABA design in this study, the range of motion of the left and right hip extension and abduction, muscle strength of the left and right hip extension and abduction, one-leg standing time of the left and right, and 2-step values improved. These results suggested that ELT contributed to the improvement of the motor function in this case.

The changes in the range of motion and muscle strength in this case were attributed to ELT. In the ELT performed in this case, the hip joint was shifted from the hip flexion position to the hip intermediate position, and this position was set as the starting position. Therefore, the muscle activity of the hip flexors was decreased by the reciprocal innervation[@r9], [@r10]^)^ accompanying the muscle activity of the hip extensor when shifting from the hip flexion position to the intermediate position. In the hip flexor, the iliopsoas consists of two muscles, the iliacus and psoas[@r11], [@r12]^)^. Since the psoas attaches to the thoracic and lumbar vertebrae, it is known to be involved in trunk movements[@r12]^)^, such as the lumbar vertebrae lateral flexion[@r13], [@r14]^)^ and extension[@r15]^)^. Therefore, the lumbar vertebrae extension and lumbar vertebrae lateral flexion during hip extension and abduction were less likely to occur due to decreased iliopsoas activity in ELT. Similarly, extension of the elongation band in the longitudinal direction decreased the muscle activity of the erector spine and quadratus lumborum on the extension side, and the lumbar vertebrae lateral flexion was less likely to occur during hip abduction. Therefore, it is thought that the hip extensor and abductor could be activated efficiently during each exercise by suppressing these lumbar vertebrae movements; hence, the range of motion and muscle strength of hip extension and abduction improved.

The changes of TUG, 10 m comfortable walking speed, and 2-step value were considered. Burnfield et al.[@r16]^)^ reported that hip extension muscle strength affected walking speed and stride length. Furthermore, Rodacki et al.[@r17]^)^ reported that improvement of the range of motion of the hip extension contributed to the improvement of walking speed and stride length. The results of this study showed that the walking speed and 2-step value improved due to improvement of the gluteus maximus strength and range of motion of hip extension by ELT. Regarding the one-leg standing time, it has been reported that lateral stability in one-leg standing is controlled by muscles around the hip joint[@r18], [@r19]^)^. Moreover, in this study, the improvement of the muscle strength of the hip extensor, including the gluteus maximus, using ELT improved the lateral stability in one-leg standing and increased the one-leg standing time.

ELT uses an elongation band with low resistance and high extensibility[@r7], [@r8]^)^. Therefore, it is considered that the ELT was able to perform the exercise safely without causing excessive load on each joint of the lower limbs and no new obstacles such as pain were experienced. Therefore, the results of this study suggest that ELT is an effective method to improve the motor function safely even in the elderly.

The limitation of this study was that the only method for measuring muscle strength was MMT, and the objectivity of muscle strength evaluation was poor. Therefore, it is necessary to investigate the relationship between changes in muscular strength and changes in movement ability in ELT using an objective evaluation method, such as a manual dynamometer. Additionally, since only one case was studied in this study, it is necessary to investigate the effect of ELT by analyzing more cases. Since we did not directly evaluate the degree of lumbar and hip movements and muscle activity during ELT in this study, it is necessary to investigate the differences between ELT and regular training.

In conclusion, this study investigated the effect of ELT on motor function by comparing the changes in motor function with and without ELT in a single case. The results showed that ELT was effective in improving the motor function in this case. Future studies with more number of cases investigating the effect of ELT on motor function are required.
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